Abstract--Using theoretical profiles of diffracted X-ray intensity for interstratification between layers having d-spacings around 14.3 A and 10.1 A, a series of diagrams was derived from which the proportion of 14.3 A layers (W14) and the probability of passing from a 14.3 A layer to a 10.1 A layer (P,4/,o) can be derived. W,4 can be derived independently of P,4/~o using the angular distance between reflections situated at 18.2 ~ and 25.4 ~ 20 (CuKa). Once W~4 is determined, P,4/,o may be obtained using the angular width of the diffuse reflections between 27 ~ and 34 ~ 20. In this case, two different diagrams are proposed for Pt4/~0 determination because experimental X-ray patterns show either one or two diffuse reflections.
INTRODUCTION
Numerous examples of randomly interstratified phyllosilicates in mineral deposits and in soil clays have been reported, but less common is the occurrence of regularly interstratified phyllosilicates or of interstratified phyllosilicates having a high tendency towards regularity (Bailey 1982) . The presence of biotite in deep horizons of certain soils, of biotite/vermiculite interstratifications in the intermediate horizons, and of vermiculite in the upper horizons of soils suggests that during intensive weathering biotite transforms to vermiculite by means of an interstratified structure (Walker 1950 , Jackson et a11952, Stephen 1952 , Brindley et al 1983 , Newman and Brown 1987 . Boettcher (1966) , Rhoades and Coleman (1967) , Sawhney (1969) , and Sawhney and Reynolds (1985) demonstrated that the reverse transformation of vermiculite to mica also takes place through an intermediate interstratified state. More recently, Martin de Vidales et al (1990, 1991) showed that the Mg-vermiculite --~ K-vermiculite transformation occurs via interstratified structures.
The study of these transformations generally involves the analysis of X-ray diffraction patterns in order to determine, for each stage of the transformation, the statistical parameters of the interstratification. This can be accomplished either by calculating the distribution function of the distances between first-neighbor layers (MacEwan et al 1961, MacEwan and Ruiz-Amil 1975) , or by comparing the experimental intensity with Copyright 9 1995, The Clay Minerals Society the theoretical intensity calculated from a structural model (Mering 1949 , Kakinoki and Komura 1952 , MacEwan 1956 , 1958 , Reynolds 1980 , Plan~on 1981 , Pons et al 1981 , 1989 , de la Calle and Suquet 1988 .
The aim of the work reported here is to present diagrams similar to those presented by Reynolds (1980) , Srodon (1980) , Tomita and Takahashi (1985, 1986) , Tomita et al (1988) and Watanabe (1988) . These diagrams permit rapid determination of the statistical parameters ofinterstratifications having d-spacings near 14.3 A and 10 J~ (notation: 14/10), and were derived from the theoretical X-ray diffraction intensity (de la Suquet 1988, Pons et al 1989) . They are limited to interactions between nearest neighbors because interaction over a larger distance has not been found in interstratified Mg-vermiculite/K-vermiculite (Martin de Vidales et al 1990 , 1991 or in chlorite interstratifications (Reynolds 1980 (Reynolds , 1988 .
METHODS

Calculation of the theoretical X-ray intensity
The theoretical profiles corresponding to different cases of 14/10 interstratification were calculated from the matrix expression developed by Plan~on (198 I), de la Calle and Suquet (1988), and Pons et al (1990) :
where Re signifies the Real part of the final matrix; Spur, the sum of the diagonal terms of the real matrix; Lp, the Lorentz-polarization and absorption factor; M, the number of layers per stack; n, an integer varying between 1 and M -1; [F] The independent variables are W,4 and P1,/lo, the different values of which allow the calculation of all cases of interstratification, ranging from systems containing randomly distributed 14-~ and 10-A layers to those having a regular interstratification of 14-]~ and 10-~ layers. In the Appendix are given the intensity profiles obtained for different values of W14 and P14/1o-These patterns were calculated for layers corresponding to a natural Mg-verrniculite from Santa Olalla (Spain) (d = 14.35 ,~) and its K-exchanged form (d = 10.1/~). The parameter values used to calculate the structure factors are given in Table 1 (Shirozu and Bailey 1966 , Bailey 1980 , Newman and Brown 1987 , de la Calle and Suquet 1988 . The chosen number of layers per stack was M = 30 (a distribution of number of layers was not used) and the 2~ step was 0.02 ~ For the vermiculite from Santa-Olalla, this value of layers per stack corresponds to the experimental value obtained by comparing the experimental intensity with the theoretical intensity calculated with the formalism given above (Pons et al 1989) . All theoretical patterns were calculated using the "CLARA2" program for an IBM/ PC or compatible.
Examination of the theoretical XRD patterns (Ap- (2021), the true proportion of 14-A layers will be between a minimum and a maximum value, namely, W~4(min) and W14(max ) which differ by a value of 0.04 (more or less) over the full range 0 < W14 < 1 ( Figure  2) . The values ofWt4 (min) and W,4 (max) are deter- Table 3 ). Zones corresponding to the presence of." (0) no reflection; (1) one reflection; (2) two reflections in the angular domain between 27* to 34* (CuKa). II: Impossible to determine P14/1o. Lines a and b indicate the limits between zones (1) and (2) and zones (0) and (1). Figure 2. Diagram for quantification of W~4 (proportion of 14 ~ layers; Mg-vermiculite or chlorite) ll: zones in which P~4/~o determination is impossible. OLA l, 2 and MALA 1, 2, 3 correspond to the samples studied (see Table 3 ).
~ Cu K~
W14. These findings correspond respectively to the cases where one or two reflections appear in the angular zone. Wt~, namely, W14 < 0.25 and W~4 > 0.9, from which P~4/to cannot be determined. In these two cases, the position of the reflections tends toward those belonging to pure K-vermiculite or to pure Mg-vermiculite, and the interstratification has little effect on either the breadth or position of the reflections. The interstratification does, however, affect the intensity. In order to obtain P~4/t0 in these cases, comparison of the experimental curve with theoretical curves calculated from a structural model is necessary.
EXPERIMENTAL
Materials
Five interstratified K/Mg samples ( Figure 6 ) were prepared from the Santa-Olalla vermiculite from Spain (Martin de Vidales et al 1991) and a Malawi vermiculite from the basement complex of southern Nyasaland (Martin de Vidales et al 1990). In their natural state, these two vermiculites differ in their structural 2:1 layer and interlayer compositions and in their interlayer distances (Tables 1 and 2) .
Bi-ionic K-Mg interstratified vermiculites were obtained by treating cleaved sheets with mixed aqueous solutions of KC1 and MgC12 having different K/Mg equivalent ratios (Table 3 ). The treatment consisted of combining one cleaved sheet of Mg-vermiculite (1 x 5 x 0.1 mm) with 10 ml of K-Mg solution in a sealed 20 ml teflon vessel, and heating at 160*(2 for 24 h. The resulting transformed sheet was washed with distilled water and dried at room temperature. The stability of the air-dried product in air was verified by X-ray diffraction (XRD) 90 days after the sample was treated.
Results
Starting from the experimental patterns and using the theoretical plots ofW~4 vs ~(2012), the mean values of W14 for all the samples were determined (Table 3) . The values obtained for Olal (95% 14 A layers) and for Ola2 (12% 14/~ layers) corresponded to one of the cases mentioned above for which it is not possible to determine P~4/~o using the Pt4/~0 vs 5(2043) diagrams, i.e., W14 > 0.9 and W~4 < 0.25.
For the Malal, Mala2, and Mala3 samples, two reflections appear in the angular zone between 27 ~ and 34 ~ 20, indicating partial R1 order (Figure 1 ). In Table Table 2 In order to verify the accuracy of the method, the experimental patterns obtained for Mala 1, Mala2, and Mala3 were compared with theoretical patterns calculated using the structure factor of Malawi vermiculite (Table 2) and the values of W~4 and P~4/~0 determined above and given Table 3 (2043) obtained by applying the proposed method to a set of theoretical curves that were calculated using different values of M. When M > 10, the results revealed that the method is independent of the number of layers per stack. This method may be applied to X-ray diffraction data obtained either with a small single crystal (Mgvermiculite/biotite, Mg-vermiculite/K-vermiculite) or Table 3 . Values of the Wt4 and Pl4/lo statistical parameters obtained for samples having different K/Mg equivalent ratios when graphical determination is (l) or is not (2) possible. The P,4/,o parameter was obtained using the CLARA 2 program. with a powder sample (the normal case for most experiments). Moreover, for different samples with the same d-spacings, the composition of the 14 A and 10 /I, layers is not necessarily the same for each sample. In order to determine the influence of the Lorentz factor and the composition of the 14 A and 10 A layers on the W,4 and P~4/10 values, a comparison was made of the values of W~4 and P~4/to obtained by applying the proposed method to a set of theoretical curves that were calculated using a Lorentz factor corresponding to either a single crystal or powder and using different types of 14 A and 10 A layers. The results revealed that the method is independent of the Lorentz-polarization factor and the nature of the 14 A and 10 A layers composing the interstratification. The only restriction is that the experimental d-spacings corresponding to the two types of layers must be similar (+1%) to the 14.35 A and 10.1 ,~ d-spacings used for the determination of the diagrams giving W14 and P,4/1o. This is important because the values of the d-spacings strongly influence the positions of the different reflections used for the determination of WLa and Pt4/~o. Tomita, K., and H. Takahashi. 1985 
